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f’- ACCRERATOR

This paper outlineo the rationale

POWERCC:iCEPTSUSING ISOLATEDTRANSMISSIONLINES

W. C. Nurumlly

Los Almmos Natiomal Laboratory
Los Al-s, New Iteaico 87545

md the edvan-
Cagee of uiing mltiple transmisaioa-lina sections iss-
lated by trmsit time utd inducctnce in eccelermting
high-cument (~10 M), short-puloe (8100 no) perticle
beam to the rmltimegwolt level. The -in advantages
of thin nyntem include reducing the number of mtput
switches requirad per atput pulse by rnarly a order

of magnitude over conventional systew snd increasing
the system capability for repetition-rate operation.

The ieolatad tranmmiasion-line concept ia developed and
poanible ~des of operation awtl~nad. In daition, a
point design of a 10-kA ehort-pu!se accelerator is pre-
●ented.

Introduction

The acceler~tor power echemee currently used i:l

directed energy syatema euch am ETA/ATA1 require many

high-quality (high voltage, lcnJ inductance, lW jitter,

●nd high repetition rate) awitchea to accelerate single
pulses in eequence. These awitchaie are used in ● pri-
❑sry role in the ●cceleration schema and, therefore,
❑ ust be high q~a!ity. The isolated tranamiaaion-line

●ccelerator (ITLA) power scheme presented here uhee
hiRh-pm?er awitchea in a secondary role that requi-e.

lov~r qUaliLy units. In edditian, ETA/ATA type accel-

eration power schemes uae the switching ●ction of me
switch only me time. Tire lTLA ocheme uaem the effect
of me nwitch many times through tranait-time iaala-
tion. The ITZA power ocheme can reducr the numb-r of
seicchcs required by an ETA/ATA ayatcm by up to a fac-
tor of 10 or provide acceleration pmmr tor up to !0
siraultaneoua ET1/ATA typa plaea with tbe name number
of euitchea. Auoth@r advantago of the ITLA power

●chemc is that the system in mt limited by ferrite
size lihc tli ETA/ATA ayatem, hut can ual, thr hi~her

●aturatirrr ilux densk’. md slower [requcncy rcsponn~

of tape-wound iron caree.

ITLA Pow~r Syat~m

The ITLA power concept will hr d-veloped with n
progression of clrcuitr and ●pplicmtinnm. The opera-

tian of a nlumlcirr line can bc characterized as voltage

vertor inversion. Th- aum of thr voltag!, vertnra from
point A to paint C in the generalized Blumlein line of

Fig. 1 la zero before the switch ifl closed ●t timv
t ■ O. If the Blumlcin line in mt loadrd ●croa:
pointn A ar.d C, ●nd th~ nwLtch im cloa?d ●t t _ O, ●

vollag- shorting uve prnpagnt~n down the trannminrnion

lina to ttl~ apmr circuit ●t terminala AB ●nd inverts
the voltage WCLOr in thr bottom trannminnlun lirm of

FiR, 1. When thp trannirnl wfivv rrtulnn “n the zwi!rh
●t t = IT thr voltar,v vector in th~ bottom line ia

L’
inv~rlrd ev~rywhorr an nhown in I-ig, lb, At ti~

t ■ 2TL, the volta~o potuntial ●va~liible arroun pnintn

A and C [or the entire line La 2V0, If ●n ●ccalarator

●trurture wre connected to po~nta A and C, the k@r-

s~an aw~tch apaned, and ● ml :Imd beam pula~ injected

(1 - vn/h7L, t - .fLL) dt I D 2TL, the plme WUld be

I !ac cl-rated thr ugh ● potartllal of V. for ● p@riod of

2TL until t ■ 3TL. Not@ that tho awltch vea open~d in

thin enampla tc mek~ t’,e ~r~laratn, uperation rampa!i-
bla with trauamiaaion-llnn oporatim, This ●aampl? la

used cmly to [Iluntratn thv ptinciple rrf voltag~ v~ctor
~rwaralan Uhf Lta uan in an Kc@l-rater aynlm.

If the trmtamiaaion llna: of Fis. I ●re chnsen to
be mch lunger than the pllse to be ●ccelerated end, In

(d vOIIAO[ VICIOR! AI IIMI s a

i z,

z.

{bjvOllAGI VICltBSAIllMl : 21,

FiB. !. Vector inveraien of long tranamiaaion line.

“particular, m integral mmber of plae lengthe, ~ -
mT then several plaea can be ~celeratod in parallel

P’
by the aama aet of tranamiaaion lines aa ahown in Fig.
2 Where m = 3. Nate that the ●rrangement ●hewn in Fig.

2 Consizte of three dial Blumlein line ●ccelerator
connected in zeriea, kc with aly me aw~tch used for
voltage inversion. The operation of the oyatem shown
in Fig. 2 can be made coneintent with tranaminaion-liim
operation (na awicch opening required) in the !ollowing

menner. llte two tranamiaaion linen are initially
charged to wltage, Vo. The switch ia cloaad ●t t ■ a,

●nd thr voltage inverzion taken place aa rnted tor the

aystcm of Fig. 1. The ●ccelerator atrllcturc~ 01 F~g. 2
muzt hc drsigncd w that they cauec minimal dincunt~nu

iticn ~nd, therefore, reflection- of the inversion
CranBienL?I. Alno, the -cclcrator atructurea aro noc
loaded (no beam pulse prczunt) durinu thu invcrnion
proceaa. After the invcroion UVLI I;a roarhcd LIIC

●nd end returnrd to point A in Fig, 2 (t - 5.5 Tp),

=triied beam pulaea (I ● vo/4zLV r ■ T /1) ● re a
P PL

taneoumly injcct~d ●t pointn A, B, md C U1 Fig. 2,

‘fhrae plarn ●re ●11 accplormted by ● potential V

a p?rind if T - TL/3. Thv individual •ccelrral,)~
P

atrurtllr~n at puints A, B, and C ●rc itolatcd lrnm WICII

othrr by th~ trannit time of th~ transmizaion linr.

Thin part irul~r arrangmvnt nfforn al~vvral o!rviwn ad-
vantan~s. Firnt, nnly uw nvitch waa umd LO atct,lvr-
●tr thri,r twain pll IICIII, S@conbl, “hr m#ItLoh Illal ves

.
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Flat 2, Trenoit-time I’I’LA.



uned mly to invert the long tranamismion- line poten-
tial vectors does mt have to be an high quality ● s a
s~it:h that is directly i,,volved in coupling the ac-

celerator to the bnam. A third ●dvantage, which ia not
l~ediately obvious, i.a the repetition-rate advantages

of this pulse Iyntem. Ilre bottom tranamiasicm-liroe
●ectkn in Fig. 2 from input A to the witch can be
lengthened md a tranamieaion-line tan-out dded to

❑ultiplex several euitchee, are in each leS ot the fan-
out. Thin arrangement pormita higher rate operation
through easy nwitch wltiplexing. The fihort-duration

transients cauned by the impedance diacontirruitiea of
the trannmisaion-line fan-out will not aflect the ac-
celerator structures and procea~ because of the time
delay between euitch clonure ad acceleration.

Another mde of operation 10 indicated in Fig. 2

by the &shed lines. If the traneit time, ‘TAB, of an

accelerated particie from the atput of accelerator
oection A to tht= input of section 3, could be rmdu IM,ICh

leae than the tranamianion-lirrc transit time between

ntructureo of TAB< TD, then a eingle beam could, Ln

principle, be ac-;elcr~ted m times (m - 3 for Fig. 2) oy
the same etructure. III Fig, 2, the beam trajectory

would hc generally helical through the atructurr.

Bccsusc of thr pr~ctical di[ficultiea 01 providing

the helical beam trcjcctory und the imponrnil~ility 01
r~d,lcing T ~ T [or the eydtom of Fig, 2, an obvilul.

AB P
alcernativc ia ●P &iorm the tranumiseicrn !incu into u
hrlix md prov, II. I straight beam trajrctor. lhin

m~thcrd also MMkWR thr C~ndi[ion T
Alla ‘p

Lcnuiblc,

This in thr eeoence of th~ helical edge-wund etrip-

iinr ●ccelerator (HIWSIA”” concupt prevlouuly rcporlrd,

A maj,lr prarLical con~id-ratinn Lhal i~ drsilcd In
accrl,,ra~,)r S.:5110M+ i* IHII, nf rmclnaarf potcnlialm or

grcwndrd Iwan( input md cutput porlr. Amthcr lawfili-

cat inn of tllr K,.plf.ralur system of Fig, 2, nlI@nI In
Fig, 3, is USUCJ LO pr,~vidt g:oumdcd I,eam input raid
outpui portn, Stisicallv, inductive isolation iu unril

L(I nrpnrnl,l LIII* bottom I,nv t’rom tho top Iinr ●nd
ncrnan Wllicil LIIO Oppoullt, * cclcral ion potential im ICp-

pli~d. TIIP beam trajectory pstce through ● Plont,tl
mrtnl cylinder !,r drift tllbr md doeu Ml ●xprriencr
llw vnl,,rnal dr,.-lrr~l!ng Iieltl, Thr isolation indur -

lanc~, L, , nl thin palh in wdc larg~ ao that LIIrJ dirn-

in long rwmparrd LIJ Lhe invrrn ion timr, 11 , or
,.

n(L,cL)
1/? ~.r

i . mlllm

Tlrr indlwtanrr in marl laIpII hy uning Lapr-unund

ntoi~l cort,n. In Lhl, rlwlrita] circuil 01 Lllim nchrmv,

‘F “.’:”‘ ‘h ‘“< ‘ “I*O
,,, b
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the ioolating inductance appeara in parallel with the

beam plse load during acceleration. Thus, his scheme
can be labeled nn induction accelerator. Ilowever, this
concept can uae lrwer frequency reaporrae md higher

saturation flux materiale (eteel instead ot ferrite)
than the ETA/A’CA type ●yatem.

The inductive isolation can be combined with tran-
ait time isolation to ~celeratr m pulnea nimultaneoufi-
ly (parallel) or 1 pulse m timeti (aeriea). A concep-

tual &eign of a oeriee ITLA module with m = 10 is
●hou] in Fig. 4. A parallel ITLA ia shown in Fig. 5 in
which three plsea are ●ccelerated simultaneously. ‘l’h@

parallel mdule could be ustd in an accelerator oystem

that muld oerieo the beam plsea after acceleration
with beam twndlirrg techniques. In this context, the

parallel ITL4 can be considered au a beam choppur,

.4 .“L . , , . , ,
. . ,.. I
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Fig. h. Hcllcal ITLA.
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10. Operation of the -itches ti a re~t.it.lon mde la
facilitated in the ITLA system because timing and

switohing requirements are reduced. Switch ultiplex-
ing is also t%cilitated by the uee of -itches in a
secondary twle rather than a primary role.

TABLE I

PARAJ4ETEhS FOR QIL-INSULATZD SRIES ITLA HODULL

Line-charge voltage
Beam current
Beam pulse widLh
Line separation
Line width
Radius or helix
Line impedance
Dielectric strengt!’
Relative dielectr]p constant.

Number of parallei ; ~:ses

Multiple of minimur,: flux
Erection time
Resistive decay t.ue
Arm Gf core
Width of core alor)g taam
Rr limit of ~mbef. or tuf.ns
I,C h;:li~ of’ numtmr of’ turns
Maximum rumber 01” Lurfl:l
Accol!.rqtion per IICN]UII>

(v)
(A)
(s)
(Dl)

(m)
(m)
(m
(v/rrl)

(s)
(s)
(m:)
(m)

(v)

= 2.5 ii*05
E 1.0 t+04
= 5.0 bob
= 3.1 hoi?
x j.1 h-01
: 3.1 Moo

2.5 Ii-ol
z b.CI k+06
s 2.3 E+oo
Ez
: 1.2 !3+00
= 1.0 E-06
= 2.0 E-ol
: :.0 E-ol
❑ 2.5 L-ol
a 1.0 L+ob
= !/.0 L+of.i
E 5.0 E+(JO
= 2.2 bob
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